


Tune shift in FII G. Stupakov 

l Usually, the derivation of FII focuses on the growth rate. There is 
also a tune shift along the beam that can be used as a signature of 
the instability. 

l Can the tune shift serve as a damping mechanism (BNS damping)? 
See paper by D. Pestrikov “Natural BNS damping of the fast. ion 
instability”(PRST-AB, ~01.2, p.044403, 1999) and my comment in 
PRST-AB, ~01.3, p.019401, 2000. 
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Tune Shift 

.Master equation for FII 

d 2 2 

TJ--$&I (s, 2) + %%I (s9 2) = Kx [Yi (s9 x> - Yb (s9 z>] 
where 

Y- relativistic factor, 

re - the classical electron radius 

cx,Y - the horizontal and vertical rms-beam size, 

A* 2017, - the number of ions per meter generated by the beam per unit 

time. 

Naively, 

&Jp = Kzc2 
2wpo 

however, after some transformation (y = gb) 

s 

dY (s, 2’) - - -kc XI 
dx’ 

cosw& - z’) dx’ l 

0 

A computer code was written that solves this equation. 
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Does the tune shift suppress the instability 
(BNS damping)? 

Recently D. Pestrikov (“Natural BNS damping of the 
fast ion instability” ) PRST-AB, ~01.2, p.044403, 1999) 
found a new solution for the FII. 
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FIG. 7. Dependences of the (dimensionless) amplitude jr1 on 
the time (CS/&&). From top to bottom at cS/Q - 2, X - 10, 
5, and 2. 

He claims that I9 the prediction containing the obtained 
solutions do not agree with the results of previous 
calculations.. J9 . 
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Using an averaging method, for initial condition A(s = 0, x) = 1, one 
can find the solution: A(s, x) = I&z~~). For s >> w~,kw~12, 

The applicability condition 

S << Smax G 
2wgwi 

KC2 
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Conclusions 

Tune shift caused by ion in FII is two times smaller that predicted 
by a “naive” approach 

Due to the tune shift, after initial growth, in linear theory, the 
instability saturates at some level, and the amplitude goes down 
(as predicted by Pestrikov). 

However, well before the saturation occurs the amplitude of the 
oscillations would become comparable to the size of the transverse 
beam, the linear theory would break down and the instability 
would proceed into nonlinear regime. 

For most practical cases, a simplified description, obtained in first 
papers, adequately describes the growth of the oscillations in the 
beam until the nonlinear effects become important. 
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